Co-culture with stromal cells tends to maintain normal hematopoietic progenitors and their leukemic counterparts in an undifferentiated, proliferative state. An example of this effect is seen with megakaryocytic differentiation, wherein stromal contact renders many cell types refractory to potent induction stimuli. This inhibitory effect of stroma on megakaryocytic differentiation correlates with a blockade within hematopoietic cells of protein kinase C-(PKC-) upregulation and of ERK/MAP kinase activation, both of which have been implicated in promoting megakaryocytic differentiation.
INTRODUCTION
In the current study, experiments addressed both the significance and the mechanism of stromal inhibition of sustained ERK/MAPK activation. Using an epistasis approach in the K562 system, it was found that the ERK/MAPK pathway is indeed the relevant target of stromal inhibition of megakaryocytic differentiation. Specifically, stromal contact caused a decay in late phase ERK/MAPK signaling through delayed downregulation of Rap1 activation, an effect most likely achieved through inhibition of guanine nucleotide exchange factor (GEF) activity. Similarly in HEL cells, stromal inhibition of megakaryocytic differentiation correlated with inhbition of Rap1 activation.
Co-immunoprecipitation studies showed that stromal contact caused alterations in a protein complex associated with c-Cbl, a scaffolding factor involved in Rap1 activation. 18 Therefore, Rap1 may represent a critical control point in the stromal inhibition of megakaryocytic differentiation.
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MATERIALS AND METHODS

Cell culture and transfection
The bone marrow stromal cell line HESS-5 was provided by Dr. Takashi Tsuji from Research Institute), were isolated and expanded as previously described. 22
Transfections of K562 cells were carried out using the X-tremeGENE Q2 ml BMB-complete, EDTA-free, RocheMolecular Biochemicals). Cellular extracts were incubated with glutathione agarose beads preloaded with bacterially expressed GSTRalGDS(RBD) for 1 hr at 4°C. After thorough washing, beads were subjected to elution by boiling 5 minutes in 1X SDS-PAGE loading buffer. Eluates were then subjected to immunoblotting with antibodies to Rap1 and Ras.
Phalloidin staining of actin cytoskeleton
K562-EYFP-Rap1 stable transfectants cultured on sterile glass coverslips 48 hours -/+ 25 nM TPA were washed with ice-cold PBS and fixed with 4% paraformaldehyde/PBS for 20 minutes at room temperature. Cells were then permeabilized with 0.2% Triton X-100
in PBS with 20% normal goat serum (NGS) for 30 minutes at room temperature followed by blocking with 20% NGS/PBS another 30 minutes at room temperature. Cells were
For personal use only. on September 14, 2017. by guest www.bloodjournal.org From 8 stained with rhodamine-phalloidin (Molecular Probes, Eugene, OR) at a 1:500 dilution in 5% NGS/PBS for 1 hour at room temperature. After washing and mounting, dual-color confocal laser scanning microscopy of cells was carried out on a Zeiss LSM 5 Pascal (Jena, Germany) with Zeiss LSM analysis software.
Co -immunoprecipitation
1 X 10 7 cells were washed and resuspended in 500 µl ice cold extraction buffer (50 mM Tris HCl pH 7.6, 150 mM NaCl, 1.0% NP-40, 1 mM EDTA, 1 mM NaVO 4 , 1 mM NaF) with protease inhibitors (1 tablet/10 ml BMB-complete, EDTA-free, RocheMolecular
Biochemicals, Mannheim, Germany). After a 20 minute incubation on ice with intermittent tapping, debris was pelleted at 10,000 rpm, 10 minutes at 4°C. Supernatants were adjusted to 10% glycerol and stored at -20°C. For c-Cbl immunoprecipitation, 4 µg rabbit anti-c-Cbl (sc-170, Santa Cruz Biotechnology) was added to 500 µl of thawed, clarified extracts followed by incubation on a rocker 3 hours at 4°C. Immune complexes captured on protein G beads (Ultralink, Pierce, Rockford, IL) were subjected to washing followed by elution in Laemmli sample buffer.
Flow Cytometry
Staining of cells for surface CD41a and glycophorin A (GPA) employed the phycoerythrin-conjugated antibodies HIP8-PE and GA-R 2-PE, respectively 
RESULTS
Stromal blockade of megakaryopoiesis in primary cultures
We have previously demonstrated with cell lines that stromal contact potently blocks megakaryocytic differentiation induction. 7 To confirm these results with primary human cells, purified adult CD34 + cells were cultured under conditions that strongly promote megakaryocytic differentiation, in the absence or presence of primary human bone marrow stromal cells. We analyzed the earliest stages of megakaryocytic differentiation 
contact. These results suggested that stromal inhibitory effects were specific for Rap1 signaling via the ERK/MAPK pathway.
To extend these observations to a different model system, the effects of stromal contact were examined on the megakaryocytic induction of HEL cells. As shown in 8D ). Therefore, YFP-Rap1 V12 did manifest constitutive in vivo signaling, resulting in remodeling of the cellular actin cytoskeleton.
Stromal effects on signaling complexes upstream of Rap1
The ability of stromal contact to block the activation of a Rap1 V12 mutant (Figure 7 Rap1 and Ras activation were assayed by pulldown using GST-RalGDS(RBD) followed by immunoblot detection.
AKT activation was detected by probing immunoblots of whole cell lysates with anti-pAKT(Ser473). Shown on the X-axis is mean fluorescent intensity of cells stained with PE-conjugated antibody to GPA. C. HEL cells either untreated or induced for 48 hours were analyzed for Rap1 activation as described in Materials and Methods. In addition, whole cell lysates were immunoblotted for total Rap1 levels. K562 stable transfectants -/+ TPA were grown 48 hours on glass coverslips, followed by fixation and staining for actin with rhodamine conjugated phalloidin. YFPfusions and rhodamine-phalloidin were detected simultaneously by 2-color confocal imaging at a total magnification of 520X.
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representative of experiments performed three times.
K562 cells -/+ TPA 48 hours, -/+ stromal contact were subjected to whole cell extraction as described in Materials and Methods. Whole cell extracts were then used both for direct immunoblotting and for immunoprecipitation of c-Cbl followed by immunoblotting.
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